Introduction The aim was to identify the association of iron status with educational performance and intelligence of adolescents.
Introduction
Many studies have been carried out to find the association between iron deficiency and cognitive functions in infants and children. There have been studies with controversial conclusions. The generalisability of these research findings to other ecological settings is doubtful. No study has been done in Sri Lanka to find the relationship between iron status and cognitive functions. Adolescents are a group prone to iron deficiency. Since iron deficiency is correctable, establishing its association with cognitive functions is important. This study was a cross sectional comparative study to determine the association of iron deficiency with educational performance and intelligence among a group of Sri Lankan adolescents.
The association of iron status with educational performance and intelligence among adolescents

Methods
The study included a sample of students who participated in a community based investigation that established the prevalence and determinants of iron deficiency among 13-15-year old adolescents (n=960) in the Kandy district [1] . The sample (n=200) included only Sinhalese students. They were from 14 different schools.
The haemoglobin level (Hb) was determined by the indirect cyanmethhaemoglobin method, the method considered as the gold standard. The serum ferritin level (SF) [2] was determined by an enzyme linked immuno assay (ELISA). From iron deficient students (SF 12 g/l with a normal or low Hb level), 100 were randomly selected. Each selected iron deficient student was matched with an iron sufficient student from the same school, same class and of the same sex. The procedure of matching controlled many factors that could have possible confounding effects since these pairs would have experienced similar inputs by teachers, and have similar socio-economic backgrounds and other facilities at school. Students with borderline iron stores (SF level of 13-30 g/l) were excluded to minimise the chance of an overlap between iron deficient and iron sufficient groups. All the iron sufficient students had a Hb>12 g/dl and SF>30 g/l. Of the iron deficient students, some suffered from iron deficiency anaemia (Hb12 g/dl and SF12 g/l) while others had iron deficiency without anaemia (Hb>12 g/dl and SF12 g/l).
Educational performance was assessed based on the marks obtained for science, mathematics, social science and Sinhala language during the third term test. As all government schools in the Kandy district receive common question papers and marking schemes from the Ministry of Education for the third term test, the marks would have been comparable among different schools. The standard progressive matrices by J. C. Raven was used to determine intelligence. This non-verbal test with a high reliability Papers and validity is considered to be one of the best tools to measure general intelligence [3, 4] . Since the objective of this study was to compare intelligence between 2 groups rather than assessing the intelligence quotient at an individual level, raw scores were used in the analysis.
An interviewer administered questionnaire was used to collect details of factors that could be modifiers or confounders. The principal investigator and 4 other medical doctors collected data. Students as well as class teachers were interviewed. The weight and height were measured to assess protein energy status. In 25% of the sample (23 iron sufficient and 23 iron deficient), serum zinc and free thyroxin (free T 4 ) were measured to determine whether these could be confounders to the relationship between iron status and cognitive functions. Serum zinc levels were analysed by atomic absorption spectrometry and free T 4 levels by radio immuno assay (coated bead RIA). Cutoff levels of 700 g/l and 10 pmol/l were taken to define zinc deficiency and T 4 deficiency level respectively.
Home visits were carried out in a randomly selected sub sample (n=45) to check the quality of data and to observe the influence of the home environment on educational performance and intelligence. All homes were visited by the principal investigator to prevent inter observer variation. Ethical approval for this study was granted by the Committee on Research and Higher Degrees, Faculty of Medicine, Peradeniya.
Results
The final sample studied consisted of 188 students (94 matched pairs), 124 were girls. Of the 94 iron deficient students, 58 had iron deficiency anaemia (IDA) while 36 had iron deficiency without anaemia (ID without A).
All comparisons were carried out between matched groups. The examination marks obtained by iron sufficient students for individual subjects were not significantly different from those of iron deficient students ( Table 1 ).
The total marks obtained for all 4 subjects by iron sufficient group were also not significantly different from those of the iron deficient group (Table 1) . Further analysis was carried out to find whether the severity of iron deficiency has an effect on educational performance. Marks obtained by students with IDA, ID without A, and students with moderate to severe IDA (low SF and Hb<10 g/dl) were compared with marks of matched iron sufficient students. No significant differences in educational performance were observed between groups (Table 2) .
Of the co-variables considered, 23 variables showed statistically significant associations with educational performance (Table 3) . Controlling for the effects of these associations by linear regression analysis could not elicit a significant relationship between iron status and educational performance. The final model of the multiple regression analysis identified intelligence (p=0.007), enthusiasm paid by the student towards education (p< 0.001), occupational ambition of the student (p=0.004), the score obtained for household possessions (p=0.007) and obtaining private tuition for mathematics (p=0.01) as having significant positive associations with educational performance. A significant negative association was noted between educational performance and problems at home (p< 0.001).
No significant relationship was observed between intelligence and iron status ( Table 3) . Severity of iron deficiency was also not associated with IQ (Table 4) . Eight co-variables were significantly associated with intelligence (Table 5) . Following a linear regression analysis, the educational level of the mother showed a strong positive association with intelligence (p=0.001). Stunted children (having a height below 2 standard deviations for their age and sex) had a significantly lower intelligence (p=0.001). Nevertheless, multiple regression analysis could not elicit a significant association between iron status and intelligence. 
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The reliability of the Hb measurement (r=0.74; p<0.001) and SF measurement (r=0.91; p<0.001) was high. Of the sub sample of 46, only 6 (13%) had zinc deficiency. Of iron deficient subjects, 17.4% had concurrent zinc deficiency. Among iron sufficient subjects, only 8.7% had zinc deficiency. The difference between proportions was not significant (p=0.38). Neither educational performance (p=0.46) nor intelligence (p=0.68) of the students showed a significant association with their zinc status. Only 4 students had low free T 4 levels. Of them, 3 were iron deficient. As only 4 students had low thyroxin levels, further analysis was not possible.
Data collected had high validity (sensitivity 68-100%) and good reliability (Kappa co-efficient 0.67-0.71). During home visits, the ambition of the parents to educate their child, space in the house and the accessibility to the house showed significant positive associations with educational performance. However, none of the factors in the home environment showed a relationship with the intelligence of the students.
Discussion
According to the findings of our study, it is unlikely that current iron status of adolescents would influence either their educational performance or intelligence.
A clinical trial conducted in Indonesia had shown that educational performance of students having IDA (n= 78) was significantly lower than that of students who were non-anaemic and iron sufficient (n=41) [5] . The study did not find an association between iron status and intelligence. Another trial in Thailand had assessed the impact of iron treatment on intelligence and educational attainment of 9-11 year old children [6] . Though no relationship had been observed between iron status and scores obtained for mathematics, both intelligence and Thai language scores showed significant positive associations with iron status. However, there was no evidence to prove that the association was causal [6] . Though the present study excluded students with diseases that could have influenced the indicators of iron status, both the Indonesian and Thai studies have failed to do so. In addition, the study in Thailand did not exclude students with borderline iron status. Further, the authors have admitted inadequate control for other factors as a shortcoming of their methodology. Both the above studies as well as the current study considered only marks of one test to assess educational performance. This is a limitation of these studies.
A randomised controlled trial among 98 non-anaemic iron deficient adolescent girls has shown that iron supplementation improved verbal learning and memory [7] . In England, results of an interventional study which examined the effect of iron supplementation on intelligence were not in favour of a causal relationship between the two [8] . 
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